In a preceding paper,1 we have described the effect of actinomycin on the different synthetic reactions catalyzed by RNAt-polymerase, and the relationship between actinomycin action and the structure and base composition of DNA. This paper presents the results of experiments concerned with the effect of actinomycin on the nucleoside triphosphate-inorganic pyrophosphate exchange reaction.
In a preceding paper,1 we have described the effect of actinomycin on the different synthetic reactions catalyzed by RNAt-polymerase, and the relationship between actinomycin action and the structure and base composition of DNA. This paper presents the results of experiments concerned with the effect of actinomycin on the nucleoside triphosphate-inorganic pyrophosphate exchange reaction.
Materials and Methods.-The isolation of RNA-polymerase from Escherichia coli B and the assay conditions used during its purification were as described by Chamberlin and Berg.2 All reactions contained 4.1 ,g enzyme protein/0.25 ml.
Incorporation of radioactive pyrophosphate (PP3I) into the terminal pyrophosphate position of nucleoside triphosphates ("exchange reaction") was determined as follows: pp3I, prepared according to Jones et al.,3 was incubated with the components of the standard assay mixture, in the absence of Mn++, at a concentration of 1.6 Mmoles/ml; MgCl2 was present at 8 Mmoles/ml. The reaction was stopped by chilling, adding a large excess of nonradioactive phosphate and pyrophosphate buffers, carrier bovine serum albumin and yeast RNA (2 mg each per reaction vessel) and trichloracetic acid (final concentration 5%7,). After centrifugation, the supernatant solution was treated with charcoal; the latter was washed four times with acetate buffer (0.1 M pH 4.5) containing phosphate and pyrophosphate (0.03 ill), transferred to a planchet, dried, and the adsorbed radioactivity measured in a thin-window gas-flow counter. Nucleic acid concentrations were based on the phosphorus content determined according to Fiske and Subba-Row Results.-Effect of actinomycin of NTP-PP32 exchange reaction: RNA-polymerase catalyzes a DNA-dependent exchange reaction between a single NTP and inorganic PP. This reaction is less sensitive to actinomycin than the synthetic reaction with the same DNA preparations1' I ( Fig. 1) . Nevertheless, the difference in actino-mycin-sensitivity between synthetic reactions primed by calf thymus, T. pyriformis, and M. lysodeikticus DNAsl has its counterpart in the exchange reactions directed by the same DNAs. This difference is most striking at higher concentrations of actinomycin. With calf thymus DNA, a substantial residual exchange activity persists at actinomycin concentrations (50 Mg/ml and 100 Mug/ml) which totally suppress the same reactions with M. lysodeikticus DNA. This residual activity might be due to the presence of relatively long guanine-free sequences in calf thymus DNA which would not bind actinomycin and would thereby remain capable of priming the exchange reaction. In order to test this possibility, the four NTPs were separated by paper electrophoresis after an incubation in the presence of calf thymus DNA, actinomycin (50 ,Mg/ml) and pp32. All four NTPs were radioactive.
Therefore, if guanine-free sequences are responsible for the exchange remaining at higher concentrations of actinomycin, the priming of this residual exchange reaction violates the base-pairing principles which seem to govern the synthetic reaction. An alternative possibility is that some guanine-containing sequences may bind actinomycin very poorly or not at all. Such sequences may be present in higher frequency in calf thymus DNA compared with Ml. lysodeikticus DNA and prime the exchange reaction of all four NTPs even at very high concentrations of actinomycin.
All combinations of NTPs-singly, as well as all possible mixtures of equal concentrations of two, three, and four NTPs-have been found to be inhibited by actinomycin in the exchange reaction. At 100 j.g actinomycin/ml, the exchange with each NTP singly was inhibited more than 90 per cent. However, the significance of the varying degrees of inhibition of exchange with the different individual nucleotides is difficult to assess since the rate of the reaction is markedly affected, for each nucleotide, by variations in its concentration and in the total NTP concentrations.
Exchange reaction directed by dA T and dGC: The data in Figure 2 show that the rates of exchange of individual NTPs with pyrophosphate need not reflect base composition of the priming DNA. As shown in Figure 1 , the exchange reaction directed by dAT is totally resistant to actinomycin, as was the synthetic reaction. The rate of the exchange reaction in the presence of both UTP and ATP when polynucleotide synthesis is proceeding is substantially lower than with the equivalent concentrations of UTP alone, but these conditions permit an exchange of pyrophosphate with ATP which is much greater than that ( Fig. 2) with ATP alone. The effect of actinomycin on exchange reactions primed by dGC is shown in Figure 3 . The exchange reaction with GTP alone is less sensitive to actino- 
